from the rolled plates. The hardness test and microscopic observation were carried out on the roll plane.
One specimen was used for the X-ray diffraction experiment of each alloy; that is, a cold rolled specimen was subjected to X-ray diffractometry, and after annealing at various temperatures, the process was repeated. In this way, the X-ray diffraction experiment was carried out in succession from lower to higher temperatures for one specimen of each alloy.
Transmission electron microscope observation of the thin foil specimens was carried out in the same manner as described in a previous report(1).
III. Experimental Results
Changes in the hardness of three kinds of alloys by cold rolling were measured at room temperature. The relation between the rolling degree and the hardness of the roll planes is shown in Fig. 1 . There was no dif- growth was observed in alloy 1 and complete recrystallization took place in alloy 3, though the grains were rather small. As mentioned above, it is found that the effect of a small amount of iron containing in Cu-2.84% Si alloy causes a rise in the recrystallization temperature and the decreases in the sharpness of recrystallization softening. It is also observed that "anneal hardening" becomes more remarkable and the recrystallization temperature range is widened by the addition of iron.
X-ray diffraction experiments were carried out. The breadth at the half maximum intensity of the (311) diffraction line was measured on the cold rolled and annealed specimens. The results are shown in Fig. 3 . The change in the breadth is significant only from the qualitative point of view. The breadth of the (311) line decreases with annealing temperature, corresponding to the changes in the hardness of the three alloys.
The dislocation microstructure was observed by means of transmission electron microscopy, as shown in Photo. 5 .
The microstructures of the as-cold rolled specimen of alloy 2 are shown in Photo. 5 (a) and (b). The dislocation cell structure which has frequently been Photo. 6 Thin fail microstructure of the annealed specimen. Thus, in the cold rolled, specimen some regions had a cell structure and the other had many stacking or twin faults. Alloy 3 had a tendency similar to that of alloy 2 and an example which indicates the faults is shown in Photo. 5 (c). After annealing at a temperature lower than the recrystallization, complex imperfections which were similar to that observed in alloy 1 were observed Photo. 5 Dislocation microstructure of as-cold rolled specimens. Newly recrystallized grains were observed after annealing as shown in Photo. 6 in which a small recrystallized grain (about 1.5,u in size) is observed in (a) and a new grain with twins in (b).
IV. Discussion and Summary
Few studies have been made to investigate systematically the effect of the third element addition on the deformation and annealing processes of copper base alloys (4) . A large number of studies, on the other hand, have been carried out on the influence of a small amount of an impurity on the deformation and annealing behaviors of pure metals(5)(6). It was shown that, by the addition of a small amount of manganese or molybdenum in pure iron the recrystallization temperature was increased and "anneal hardening" becomes remarkable(5). A similar effect was observed on arsenic or nickel in pure copper. It is generally said that the above behaviors may be caused by the interaction between solute atoms and dislocations. The dislocation rearrangement required for recrystallization may be disturbed by solute atoms. It was suggested that the interaction might be an elastic one.
In the present experiment, although the behaviors may be more complex because it concerns with the ternary alloy system. The size factor of the Cu-Fe system is more favorable than that of the Cu-Si system. Therefore, it is thought that factors other than the elastic interaction e.g. electrical or chemical interaction may be more predominant.
As mentioned above, the effect of the addition of a small amount of iron on the cold rolling and annealing processes of Cu-Si alloys may be summarized as follows;
(1) The addition of iron has no effect on the cold rolling behavior of Cu-Si alloys with in the experimental composition range.
(2) The addition of iron has a great influence on the annealing process (recovering and recrystallization processes); The anneal hardening becomes more remarkable. Recrystallization softening becomes more gradual and the recrystallization temperature rises.
(3) The decrease in a half breadth of the maximum intensity of the (311) X-ray diffraction line by annealing is greately affected by the addition of iron.
(4) In the dislocation microstructure observed by a transmission electron microscope, the effect of the addition of iron was not observed.
